INTRODUCTION
============

Organismal Biology is the third introductory biology course taught at the University of Maryland. Freshman (with advanced placement credit) and sophomore students take this required class to learn about the physical, chemical, and thermodynamic constraints that are common to all life. Further, we emphasize the implications of these constraints for the evolution of multicellular organisms, which also share a common genetic "toolbox." An additional goal is helping students to improve their scientific logic and comfort with quantitative modeling. We recently developed and assessed group active engagement (GAE) exercises for this Organismal Biology class (see accompanying article by Marbach-Ad et al. \[[@b2-jmbe-17-487]\]). Currently, our class is built around 12 GAE activities implemented in a traditional lecture hall. These activities examine scientific concepts using a variety of models including physical models (secondary growth demonstrated with tree rings, scaling demonstrated with horses built from wood), qualitative models (drawings of neural circuits or phylogenetic trees), and Excel-based quantitative models (membrane transport and anisogamy; see Haag and Marbach-Ad in this issue \[[@b3-jmbe-17-487]\]). In this manuscript, we present three of the quantitative GAEs that give students an opportunity to build their understanding of key physiological ideas. Students use Excel to explore the important physiological variables and how they alter neurological or biomechanical function.

PROCEDURE
=========

Prior to every GAE class, students examine a set of PowerPoint slides online that present key ideas related to the GAE topic. Students take an online, untimed quiz to ensure their preparation and understanding of this information. During class, students are given a worksheet and an Excel spreadsheet containing prepared exercises. Working in groups of four, they enter and graph data, analyze physical properties, and synthesize their results. Graduate and undergraduate student facilitators are assigned to different parts of the room and talk with each group, encouraging them to verbalize their thinking. For a class of 125 students, we had five student facilitators: three graduate and two undergraduate students. Three to four times during the 50-minute class period, the lecturer brings the class together to summarize major concepts and provide feedback, discuss any misunderstandings, and set up the next part of the exercise.

Below we briefly describe three of the GAE exercises ([Table 1](#t1-jmbe-17-487){ref-type="table"}). The [supplementary online materials](#s1-jmbe-17-487){ref-type="supplementary-material"} contain the GAE activity worksheets, the preparatory slides, the preclass quizzes, and the associated Excel spreadsheets.

###### 

GAE activities involving quantitative reasoning using Excel.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Activity                     Concepts                                         Students should be able to:                                                                                                                                                                 [Supplementary Material](#s1-jmbe-17-487){ref-type="supplementary-material"}
  ---------------------------- ------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------
  Escape from Planet Ranvier   Membrane potential                               Quantify how membrane potential varies with ion concentration and ion permeability. Model it with Nernst and Goldman equations.                                                             Preparatory slides ([Appendix 1A](#s1-jmbe-17-487){ref-type="supplementary-material"})\
                                                                                                                                                                                                                                                                            Pre-activity quiz ([Appendix 1B](#s1-jmbe-17-487){ref-type="supplementary-material"})\
                                                                                                                                                                                                                                                                            Worksheet ([Appendix 1C](#s1-jmbe-17-487){ref-type="supplementary-material"})\
                                                                                                                                                                                                                                                                            Excel spreadsheet ([Appendix 4](#s1-jmbe-17-487){ref-type="supplementary-material"}, sheets 1A and B)

  Stressing and straining      Stress-strain curves and modulus of elasticity   Use data for applied force and resulting stretch of simple materials to understand the modulus of elasticity, E. Compare the value of E for different biological materials.                 Preparatory slides ([Appendix 2A](#s1-jmbe-17-487){ref-type="supplementary-material"})\
                                                                                                                                                                                                                                                                            Pre-activity quiz ([Appendix 2B](#s1-jmbe-17-487){ref-type="supplementary-material"})\
                                                                                                                                                                                                                                                                            Worksheet ([Appendix 2C](#s1-jmbe-17-487){ref-type="supplementary-material"})\
                                                                                                                                                                                                                                                                            Excel spreadsheet ([Appendix 4](#s1-jmbe-17-487){ref-type="supplementary-material"}, sheets 2A and B)

  Leveraging your options      Biological lever systems                         Determine how lever geometry impacts mechanical and velocity advantage. Compare data for the lever system of fish jaws to think about whether they have mechanical or velocity advantage.   Preparatory slides ([Appendix 3A](#s1-jmbe-17-487){ref-type="supplementary-material"})\
                                                                                                                                                                                                                                                                            Pre-activity quiz ([Appendix 3B](#s1-jmbe-17-487){ref-type="supplementary-material"})\
                                                                                                                                                                                                                                                                            Worksheet ([Appendix 3C](#s1-jmbe-17-487){ref-type="supplementary-material"})\
                                                                                                                                                                                                                                                                            Excel spreadsheet ([Appendix 4](#s1-jmbe-17-487){ref-type="supplementary-material"}, sheet 3)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

GAE = group active engagement.

GAE exercise 1: Escape from Planet Ranvier
------------------------------------------

Students often struggle to understand that membrane permeability means that ions move through open channels in the membrane. This activity was developed to help them explore how membrane permeability alters membrane potential and was inspired by the case study "Escape from Planet Soma" ([@b1-jmbe-17-487]), with the addition of quantitative tasks. The activity involves the students rescuing their captain who has been poisoned with neurotoxins. The activity includes preparatory slides ([Appendix 1A](#s1-jmbe-17-487){ref-type="supplementary-material"}), the pre-activity quiz ([Appendix 1B](#s1-jmbe-17-487){ref-type="supplementary-material"}), the classroom worksheet ([Appendix 1C](#s1-jmbe-17-487){ref-type="supplementary-material"}), and the Excel spreadsheet ([Appendix 4](#s1-jmbe-17-487){ref-type="supplementary-material"}, sheets 1A and B). Students use both the Nernst and Goldman equations to think about why membrane potentials depend on ion concentration and membrane permeability. They then consider what might happen if particular ion channels are blocked or held open as a result of fictional neurotoxins. Finally, they choose antidotes to save the life of their poisoned captain.

### Tips

It is possible to increase students' motivation and be quite dramatic with this case study, setting the stage to the theme music of Star Wars or Star Trek from YouTube to get students in the mood. Students can have a hard time knowing how to use the spreadsheet, so it helps to project the spreadsheet and demonstrate which cells they might want to vary.

GAE exercise 2: Stressing and straining
---------------------------------------

This exercise has students quantify the elastic modulus from data gathered either in class or from scientific literature. They first analyze the biomechanical properties of known substances and finally consider an unknown. The activity includes preparatory slides ([Appendix 2A](#s1-jmbe-17-487){ref-type="supplementary-material"}) the pre-activity quiz ([Appendix 2B](#s1-jmbe-17-487){ref-type="supplementary-material"}), the classroom worksheet ([Appendix 2C](#s1-jmbe-17-487){ref-type="supplementary-material"}), and an Excel spreadsheet ([Appendix 4](#s1-jmbe-17-487){ref-type="supplementary-material"} sheets 2A and B). The data include the strain (increase in length) in response to an applied force. Students use two known materials (a rubber band and a piece of thread) to calculate the elastic modulus and compare the values to known biological materials. Since they are familiar with rubber bands and thread, this gives them a better appreciation for the properties of elastin and tendons. They then look at data for other biological materials to learn about the strength of the composites that make up their bodies. Finally, they analyze hypothetical data to hypothesize about what scientists have discovered inside fossilized dinosaur bones.

### Tips

The stress and strain data are easy to generate in front of the class. Hang a rubber band or a piece of thread (tied into a circle) from a stick and then hang a cup from this loop. Add weight to the cup (e.g., coins such as pennies), and measure the change in length of the material with added weight. A simple kitchen scale can be used to measure the weight. Note that the area needed to calculate the stress will be two times the cross sectional area of either the rubber band or the thread. We tried having several students work together to gather the data for the rest of the class, but this took about 15 minutes and was too long for the class to wait through. Now, we just do a quick demonstration of how the data are generated and include the data in the prepared spreadsheet.

GAE exercise 3: Leveraging your options
---------------------------------------

In this activity, students learn about lever systems that are important in muscle-bone interactions for locomotion. The activity includes preparatory slides ([Appendix 3A](#s1-jmbe-17-487){ref-type="supplementary-material"}), a pre-activity quiz ([Appendix 3B](#s1-jmbe-17-487){ref-type="supplementary-material"}), the classroom worksheet ([Appendix 3C](#s1-jmbe-17-487){ref-type="supplementary-material"}), and data in an Excel spreadsheet ([Appendix 4](#s1-jmbe-17-487){ref-type="supplementary-material"}, sheet 3). During class, students first think about how seesaws work, building on their prior intuition. This helps them unpack the lever rule and the notion that the force needed to lift a load decreases when the applied force is further from the pivot point. Based on this, they consider under what particular geometries levers have mechanical advantage. They also think about how far the load travels in comparison with the distance the force moves. This introduces the idea of velocity advantage. Lever systems with velocity advantage are the most common for organismal muscle systems. Finally, students apply this knowledge to thinking about the jaws of fishes that feed on different types of prey. This helps them understand how and why velocity advantage might vary.

### Tips

There is a University of Colorado PhET (<http://phet.colorado.edu/>) unit on seesaw levers that students can use to think more quantitatively about the lever rule ([@b4-jmbe-17-487]). In our case, this took too much time and students did not really make the connection with how it related to muscles. Putting together a simple lever system with children's building toys (K'NEX) might be a better demonstration of the ideas behind mechanical and velocity advantage.

CONCLUSION
==========

The activities were successful in getting students engaged to think about quantitative topics ([@b2-jmbe-17-487]). These are often the concepts that biology students struggle with most. Actually converting data into biological quantities (membrane potential, elastic modulus, lever ratio) and applying it to solve a problem or answer a question gives students a clearer idea of these concepts. One final consideration that we have noticed is that students often struggle with tools like Excel. They get stuck in the mechanics of using a spreadsheet rather than using it to understand the science. We have considered asking students to do some online Excel tutorials such as through Lynda.com. Some students may be more comfortable with graphing calculators, which many of them use in high school. However, we believe that the widespread use of Excel in advanced biology courses and in the workplace, as well as its advanced capabilities as a modeling tool, support its use in introductory biology. Editable versions of each of the activities as well as sample answers are available on request from the authors.

SUPPLEMENTAL MATERIALS
======================

###### 

Appendix 1: GAE exercise 1: Preparatory slides, pre-activity quiz, and class handout

Appendix 2: GAE exercise 2: Preparatory slides, pre-activity quiz, and class handout

Appendix 3: GAE exercise 3: Preparatory slides, pre-activity quiz, and class handout

Appendix 4: Excel worksheets for GAE exercises 1--3
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